The Special Bacteriology Reference Laboratory of the Centers for Disease Control and Prevention (CDC) receives for identification and classification bacterial isolates from reference laboratories throughout the United States. Since 1989, we have received nine phenotypically similar unidentified clinical isolates from seven different U.S. state health departments. The phenotypic profile of these strains most closely resembles an unclassified isolate described by Trotter et al. (Trotter' s bacillus) (17) , Acidovorax temperans, and Burkholderia cepacia genomovar III bv. c reported by Vandamme et al. (18) . A morphologic and biochemical characterization of these isolates was presented in 1996 at the 8th International Congress of Bacteriology and Applied Microbiology Division, International Union of Microbiological Societies, and the provisional designation CDC weak oxidizer group 2 (WO-2) was assigned to the group (R. S. Weyant, D. G. Hollis, M. I. Daneshvar, J. G. Jordan, and C. W. Moss, 8th Int. Congr. Bacteriol. Appl. Microbiol. Div., Int. Union Microbiol. Soc., p. 29, 1996) .
Although a relatively small number of isolates have been received, the most common source of isolation for WO-2 strains was blood, suggesting the potential to cause invasive disease. Three of the strains were isolated from patients with underlying conditions, including chronic obstructive pulmonary disease and cystic fibrosis, suggesting that these strains may act as opportunistic pathogens.
In 2000, Coenye et al. described a new genus, Pandoraea, of gram-negative nonfermenters isolated primarily from sputa of cystic fibrosis patients and from soil. This new genus contains five named species (P. apista, P. pulmonicola, P. pnomenusa, P. sputorum, and P. norimbergensis) and one unnamed species (3) . Presented herein is a polyphasic analysis of the WO-2 group, (GLC-MS). The confirmation of hydroxy acids was accomplished by both acetylation and GLC-MS analysis, as described previously (22) .
Isoprenoid quinone analysis. Isoprenoid quinones were extracted from 100 mg of lyophilized cells and were analyzed by reverse-phase high-performance liquid chromatography (HPLC) and MS (9, 10) . The retention times were obtained by HPLC. Peaks were collected and analyzed directly by electron-impact and chemical-ionization MS.
DNA relatedness and percent G؉C determination. All strains were cultured on 20 to 30 RBA plates and incubated for 24 h at 35°C. Cells were harvested and lysed, and the DNA was isolated and purified according to the method of Brenner et al. (2) . DNA from strains G3307, G5056, G5084, and G9805 was labeled with [ 32 P]dCTP using a commercial nick translation kit (Bethesda Research Laboratories, Inc., Gaithersburg, Md.) and tested for reassociation to unlabeled DNA from the same strain (homologous reaction) as well as to other WO-2 strains and to the type and reference strains (heterologous reactions). The GϩC content of B. cepacia has been reported to be 67%; therefore, 70°C was chosen for the optimal reassociation temperature. Relative binding ratios ([percent heterologous DNA bound to hydroxyapatite/percent homologous DNA bound to hydroxyapatite] ϫ 100) and percent divergence (the percentage of unpaired bases in related DNA sequences) were calculated as described by Brenner et al. (2) . Divergence was calculated to the nearest 0.5%, with each decrease of 1°C in thermal stability of a heterologous DNA duplex due to approximately 1% unpaired bases within related DNA (1). All reactions were done in duplicate at the optimal temperature of 70°C. The percent GϩC was determined for strains G3307, G5056, G5084, G9805, and H652 by the thermal denaturation method of Mandel et al. (8) .
16S rRNA gene sequencing. Purified genomic DNA was diluted to 1 g/ml in sterile water. Ten microliters of the diluted DNA was used in a 100-l PCR mixture containing a 200 M concentration of deoxynucleoside triphosphate, 1 mM MgCl 2 , 1ϫ PCR buffer II (Perkin-Elmer, Foster City, Calif.), 0.1 M FD1 primer, 0.1 M RD1 primer, and 2.5 U of AmpliTaq DNA polymerase (PerkinElmer). The primers FD1 and RD1 were originally described by Weisburg et al. as suitable for amplifying the 16S rRNA gene of many eubacteria (21) . We omitted the linker sequences from the primers, as previously described (4) . The parameters for the amplification were 94°C for 5 min, 35 cycles of 94°C for 15 s, 50°C for 15 s, 72°C for 1.5 min, and finally a 72°C extension for 5 min before cooling to 4°C. The results of the PCR were checked by running 10 l of each reaction mixture on a 1% agarose gel. The amplicon was then purified and concentrated by using a QiaQuick PCR Purification kit from Qiagen (Valencia, Calif.). Approximately 60 ng of PCR product was used for each sequencing (16) . The manufacturer's instructions for the cycle sequencing kit were followed for the thermal cycler conditions. The extension products from each sequencing reaction were purified through a Centrisep column (Princeton Separations, Adelphia, N.J.) and dried in a vacuum centrifuge for 20 min. The sequencing reaction mixtures were resolved on a 4.25% acrylamide-6 M urea gel electrophoresed on an ABI 377 automated sequencer (PE Applied Biosystems). The sequence data were edited and compiled using the Wisconsin Sequence Analysis Package (Genetics Computer Group, Madison, Wis.). The 16S sequence was aligned using the Wisconsin Sequence Analysis Package program PILEUP with 16S sequences of proteobacteria retrieved from GenBank, and the multiple sequence alignment was edited by hand to remove regions that were not represented by all members. The edited alignment was used in TREECON (version 1.3b) (19) to derive a phylogenetic dendrogram using the nucleotide substitution model of Jukes and Cantor (7) and the neighbor-joining method of Saitou and Nei (15) . In vitro antimicrobial susceptibility tests. Antimicrobial susceptibility profiles were determined by the broth microdilution method described by the National Committee for Clinical Laboratory Standards (NCCLS) (11, 12) , except that the results were read after a 24-h incubation (5) . The strains were streaked onto TSAS and incubated for 18 to 24 h at 35°C in ambient air. Growth was taken from the plate with a sterile cotton-tipped swab and suspended in a tube of cation-adjusted Mueller-Hinton broth (Difco, Detroit, Mich.) to a density equivalent to 1.0 McFarland standard. Eight milliliters of the broth suspension was added to 32 ml of sterile distilled water and inoculated into MIC plates prepared at CDC according to the recommendations of the NCCLS (11, 12) . Inoculation was performed with the MIC 2000 (Dynatech Laboratories, Chantilly, Va.). The final inoculum concentration was approximately 5 ϫ 10 5 CFU/ml. The plates were incubated in ambient air for 24 h at 35°C. The following organisms were used as controls: Escherichia coli ATCC 25922, E. coli ATCC 35218, and Pseudomonas aeruginosa ATCC 27853. There were no quality control failures.
Nucleotide sequence accession numbers. The 16S sequences for the nine WO-2 strains were submitted to GenBank and assigned the accession numbers AF247691 to AF247699.
RESULTS
The sources of all strains in the study are listed in Table 1 . WO-2 isolates were received from seven different state public health laboratories in the United States between 1989 and 1998. No single geographic area predominated. Four of the isolates were obtained from blood, three were from sputum, and one each was from bronchial wash and maxillary sinus. Clinical information was available on seven patients and no common underlying syndrome was indicated, although significant conditions, including chronic obstructive pulmonary disease and cystic fibrosis, were reported for three of the patients. The age of the patients ranged from 35 to 76 years; five of the patients were female and four were male.
Results of DNA relatedness studies are given in Table 2 . Using the established molecular criteria for species-level relatedness (strains whose DNAs are 70% or more related at optimal conditions and whose related sequences show 5% or less divergence) (20) , five species-level hybridization groups were identified among the WO-2 strains. The first group contained strains G3307, G3308, G9278, and the type strain of P. apista. The relatedness within this group was greater than 83%, and the divergence was less than 3.5%. The second group consisted of G5056, G7835, G8107, and the type strain of P. pnomenusa. This group was slightly more diverse, with relatedness and divergence greater than 79% and less than 5.5%, respectively. Strains G5084, G9805, and H652 are not related at the species level with any of the other WO-2 or reference strains included in this study; however, their relatedness with P. apista, P. norimbergensis, P. pnomenusa, P. pulmonicola, and the unnamed Pandoraea species strain H1766 was substantially higher (Ͼ23%) than with P. sputorum and the other genera included in the study (Ͻ16%).
The percent GϩC was determined for a representative WO-2 strain of each DNA relatedness group, and values ranged from 65.2% for strain G5084 to 70.7% for strain G5056 (P. pnomenusa). The GϩC content for G3307 (P. apista) was 69.2%, 67.1% for G9805, and 68.6% for H652. These values are slightly higher than those previously reported for Pandoraea (61.2 to 64.3%) (3).
The 16S rRNA gene sequences of nine members of the WO-2 group, Trotter's bacillus, and B. cepacia genomovar III Table 3 . The B. cepacia CFA group and A. temperans profiles were previously published by our group after using the same methodology (22) . All nine WO-2 strains shared a unique profile characterized by relatively large amounts (7 to 22%) of 16:17c, 16:0, 17:0cyc, 18:17c, and 19:0cyc [11] [12] ; small amounts (1 to 3%) of 12:0, (3%), 3-OH-16:0 (4%), 2-OH-18:1 (2%), and 2-OH-19:0cyc (3%). Upon acid hydrolysis of one representative strain, additional amounts of 2-OH-12:0 (2%), 3-OH-14:0 (5%), 2-OH-16:1 (1%), 2-OH-16:0 (1%), 3-OH-16:0 (9%), and 2-OH-19: 0cyc (2%) were released, indicating that these acids are both ester and amide linked. No additional hydroxy acids were released upon acid hydrolysis.
The overall CFA profiles of WO-2 strains, the Pandoraea reference strains, Trotter's bacillus, the B. cepacia CFA group, and B. cepacia genomovar III bv. c are similar, in that 3-OH-14:0 (5 to 12%), 16:0 (21 to 29%), 17:0cyc (6 to 21%), 18:17c (6 to 24%), and 19:0cyc 11-12 (5 to 13%) predominate. Within this group, the WO-2 strains are most similar to the Pandoraea strains. The WO-2 and Pandoraea profiles can be differentiated from Trotter's bacillus by the presence of 2-OH-12:0 (4%) and the inversion of the 17:0cyc/18:17c ratio. The major characteristics that differentiate the WO-2 and Pandoraea profiles from the B. cepacia CFA group and B. cepacia genomovar III bv. c are the presence of 12:0 (3%) and 2-OH-12:0 (2 to 4%). The A. temperans profile, characterized by major amounts of 16:17c and 16:0 (23 to 35%), is easily differentiated from the others.
HPLC and MS data for the quinone extracts of a representative WO-2 strain from each Pandoraea species confirmed ubiquinone-8 (Q-8) as the major component. Although not all Pandoraea species were analyzed, our findings from P. apista, P. pnomenusa, and three additional genomospecies indicate that the quinone content of Pandoraea is similar to that of Burkholderia. The quinone content of Pandoraea is most similar to that of B. cepacia and B. gladioli, in that Q-8 is also the only quinone present in the latter two organisms (13) . Therefore, the presence of Q-8, in combination with the described CFA profile, provides a genus-level chemical identification of Pandoraea.
All Pandoraea strains shared a common general phenotypic profile, regardless of species. Cells grown on heart infusion agar at 35°C for 18 to 24 h were short-to-medium-length straight gram-negative rods that were of medium width. Some cells produced a vacuolated or bipolar appearance. All grew heavily on RBA that was incubated either aerobically or in a candle jar atmosphere for 18 to 24 h. Five strains were also tested for growth on TSAS, and all grew at a rate and with a morphology similar to that obtained on RBA. Isolated colonies were circular, convex, semiopaque to opaque, entire, smooth, and 0.5 to 1 mm in diameter. Hemolysis was variable. No hemolytic reaction was observed after overnight incubation at 35°C with five strains; however, one P. pnomenusa strain and G9805 produced weak hemolysis, one P. apista strain produced a faint greenish discoloration, and another P. apista strain produced a partial beta-like hemolytic action underneath areas of confluent growth. All strains were positive for growth on MacConkey agar, production of catalase, alkalinization of ci- trate and litmus milk, growth at 25 and 35°C, and growth in nutrient broth. All strains were motile with polar flagella, ranging from one to as many as eight per cell, which were observed by using the Ryu flagellum stain (22) . All strains were negative for hydrolysis of esculin and gelatin, indole, lysine and ornithine decarboxylase, and arginine dihydrolase. No acid production was observed in King's oxidation-fermentation (OF) base from mannitol, lactose, sucrose, maltose, salicin, L-arabinose, adonitol, dulcitol, D-galactose, fructose, mannose, rhamnose, trehalose, raffinose, sorbitol, inositol, cellobiose, inulin, dextrin, glycogen, erythritol, melibiose, melezitose, and starch.
With one exception, all strains grew well on B. cepacia-selective medium at 35°C. One strain, assigned to P. apista (G9278), grew lightly at 35°C and the agar did not turn pink; however, at 28°C there was moderate growth and the agar turned pink. Table 4 lists phenotypic characteristics that are useful in differentiating between the different Pandoraea species. Results are given for reference strains and the genetically identified WO-2 isolates. The reference strains of P. pulmonicola, P. sputorum, P. norimbergensis, and Pandoraea genomospecies 1 and 3 could be definitively identified using the tests listed. A nitrate-negative, cetrimide-negative P. pnomenusa strain might be confused with P. apista or Pandorea genomospecies 4. Likewise, a nitrate-negative P. pnomenusa strain that failed to grow on salmonella-shigella (SS) agar and cetrimide agar might be confused with Pandoraea genomospecies 2. Table 5 lists the antimicrobial resistance profiles for the WO-2 isolates as classified into their Pandoraea designations. These isolates exhibited diverse antimicrobial susceptibility patterns. All of the organisms were resistant to ampicillin and cefazolin except for one strain of P. apista, G9278, and most were resistant to extended-spectrum cephalosporins, aztreonam, and piperacillin. The organisms also tended to be resistant to aminoglycosides, including gentamicin, tobramycin, and amikacin, but varied in their susceptibility to fluoroquinolones. 
Pandoraea unnamed genomospecies
Acid from (OF base):
a Fractions indicate number of strains positive within 48 h per total number of strains tested. Fractions in parentheses indicate number of strains positive within 7 days per total strains tested. Abbreviations: n, number of strains; ϩ, positive; Ϫ, negative; w, weak reaction.
b All strains were positive for catalase, growth on MacConkey agar and in nutrient broth, alkalinization of Simmons citrate and litmus milk, and growth at 25°C and 35°C. All strains were negative for reduction of nitrite, denitrification, indole production, gelatin and esculin hydrolysis, production of growth pigments, growth in nutrient broth with 6% NaCl, ornithine and lysine decarboxylase, arginine dihydrolase, and acid from salicin, L-arabinose, adonitol, dulcitol, D-galactose, fructose, D-mannose, L-rhamnose, trehalose, raffinose, D-sorbitol, inositol, cellobiose, inulin, dextrin, glycogen, erythritol, melibiose, melezitose, and starch.
c Kovács method. 
DISCUSSION
The genus Pandoraea represents a recently described group of nonfermentative gram-negative rods isolated predominately from soil and from sputa of individuals with cystic fibrosis (3). The original description of this genus identified four new species, all consisting of primarily sputum isolates (P. apista, P. pulmonicola, P. pnomenusa, P. sputorum), and reclassified Burkholderia norimbergensis as a new Pandoraea species, P. norimbergensis. One unnamed genomospecies, consisting of one sputum isolate (referred to in this study as Pandoraea unnamed genomospecies 1), was also described. The closest phylogenetic relative to Pandoraea is Burkholderia.
The findings of this study support the findings of the original Pandoraea study and assign the nonfermenters referred to as CDC WO-2 to this genus. The WO-2 group includes nine similar clinical isolates received by the CDC Special Bacteriology Reference Laboratory since 1989. Six of the nine WO-2 strains were isolated either from a respiratory site or from a patient with underlying respiratory disease, i.e., cystic fibrosis or chronic obstructive pulmonary disease. Using DNA-DNA hybridization analysis with Pandoraea type strains, three WO-2 isolates were found to be P. apista, three were found to be P. pnomenusa, and three others were found to represent unique Pandoraea genomospecies.
The assignment of the WO-2 group to the genus Pandoraea suggests a broader pathogenic potential for this genus than was previously recognized. Only two of the nine patients from which these organisms were isolated had cystic fibrosis listed as an underlying disease. Additionally, the most common site of isolation of the WO-2 isolates was blood (four isolates), demonstrating a potential for these organisms to cause invasive infections in individuals without cystic fibrosis. All three of the WO-2 isolates identified as P. pnomenusa were isolated from blood, suggesting that this particular species may have an increased potential for invasive disease. Additional pathogenesis studies will be required to better understand this association.
The great majority of confirmed Pandoraea strains have been isolated from clinical specimens. Only three nonclinical isolates have been described: a Pandoraea genomospecies 1 isolate from garden soil and one P. norimbergensis isolate each from environmental water and powdered milk (3). Our in vitro experience with the WO-2 strains indicates that Pandoraea can survive and grow in a variety of culture conditions, with adequate growth temperatures ranging at least from 25°C through 42°C. The geographic information received with the WO-2 isolates suggests that these organisms can be encountered in a variety of locations, ranging from temperate environments, such as Hawaii, to areas such as Utah and Ohio that may experience significant variations in temperature and humidity. Taken together, this information suggests that the natural habitat of Pandoraea may be soil or water. The ability of these organisms to grow on B. cepacia-selective medium should greatly enhance their isolation from environmental samples.
Pandoraea species share many phenotypic similarities with Ralstonia pickettii and Ralstonia paucula (formerly CDC group IVc-2) and with other less commonly encountered nonfermenters, including Trotter's bacillus, A. temperans, and nonsaccharolytic strains of B. cepacia (genomovar III biovar c). Trotter's bacillus was first isolated in 1990 from pleural fluid and pulmonary decortication tissue of a 5-year-old child with chronic granulomatous disease (17) . A. temperans was also described in 1990 by Willems et al. (23) . These organisms have been primarily isolated from clinical sources, although at least one isolate from sludge has been reported (23) . Nonsaccharolytic strains of B. cepacia referred to as genomovar III biovar c were described in 1997 by Vandamme et al. (18) ; however, recognition of nonsaccharolytic B. cepacia-like strains was reported earlier in 1996 by Pitt et al. (14) . Genus-level differentiation of Pandoraea from these other organisms can be achieved with a variety of approaches. The 16S rRNA gene sequences of the Pandoraea strains form a highly related group (greater than 98.8% homologous) that clusters most closely with a separate clade comprising several Burkholderia species. The presence of both lauric (12:0) and ␣-hydroxylauric (2-OH-12:0) acids in the Pandoraea CFA profile is also a useful differential characteristic. Phenotypic tests useful in differentiating between these organisms include flagellar morphology, Simmons citrate alkalinization, nitrate reduction, gas from nitrate, urease activity, and acidification of disaccharides.
The in vitro antibiotic susceptibility profile of the Pandoraea strains is similar to that observed with Burkholderia clinical isolates (6) . These strains tended to be multiresistant, producing elevated MICs of most antibiotics, including most of the ␤-lactams and aminoglycosides tested. Additional clinical experience will be required to evaluate or recommend treatment approaches to patients with Pandoraea infections.
Although the great majority of our results with the Pandoraea type strains are in agreement with previously published findings, we did note some differences. Coenye et al. described these organisms as motile with a single polar flagellum (3). However, when we examined the type strains using the Ryu stain (22) , two or more polar flagella were attached to most of the cells. This flagellar morphology is similar to the morphology of Pandoraea's closest phylogenetic relative, the genus Burkholderia. The original descriptions of P. apista, P. pnomenusa, P. sputorum, and Pandoraea genomospecies 1 indicated that they failed to grow in OF medium with D-glucose (3). We found, however, that all strains tested grew adequately in OF medium made with the King base (22) and that most P. apista, P. pnomenusa, and P. sputorum strains produced a weak acid reaction in King's OF medium with D-glucose. These laboratory-to-laboratory discrepancies show the importance of obtaining and testing valid reference strains of new taxa to verify their reactions with in-house procedures.
In their original description of this genus, Coenye et al. chose the term Pandoreae, in recognition of the potential Pandora's box of genetic diversity associated with these organisms (3). Our findings with the WO-2 isolates seem to confirm this prophecy. Although six of our nine isolates could be assigned to a specific Pandoraea species, three others represent distinct genetic entities. Until additional strains are identified and studied to better define the phenotypic characteristics of these organisms, we propose that the provisional epithet "genomospecies" be applied to the groups containing one strain only. With this provision, the genus Pandoraea contains the five previously described species and four genomospecies. Genomospecies 1 is the strain CCUG 39680, originally described as "Pandoraea species" (3). The phenotypic tests listed in Table 4 will allow for the discrimination of most of the Pandoraea species and genomospecies; however, a nitrate-negative P. pnomenusa strain might be confused with P. apista. Descriptions of the new Pandoraea genomospecies 2, 3, and 4 are given below.
(i) Pandoraea genomospecies 2. Gram-negative, nonsporulating straight rod. Motile by means of two or more polar flagella. Weak acid production is observed in King's OF medium with D-glucose and glycerol; oxidase positive; negative for growth on centrimide and SS agars; weak and delayed urease activity is observed; nitrate is not reduced. Other phenotypic characteristics are listed in Table 4 . The CFA profile is as described for the genus (3). The only known strain is CDC G5084 (ATCC BAA-108), which was isolated in 1990 from the maxillary sinus of a woman. The GϩC content is 65.2%. The 16S rRNA gene sequence has been deposited at GenBank (accession no. AF247693).
(ii) Pandoraea genomospecies 3. Gram-negative, nonsporulating straight rod. Motile by means of two or more polar flagella. Weak acid production is observed in King's OF medium with D-glucose and glycerol; oxidase negative; negative for growth on centrimide agar; weak and delayed growth is observed on SS agar; weak and delayed urease activity is observed; nitrate is not reduced. Other phenotypic characteristics are listed in Table 4 . The CFA profile is as described for the genus (3). The only known strain is CDC G9805 (ATCC BAA-109), isolated in 1996 from the sputum of a 71-year-old woman. The GϩC content is 67.1%. The 16S rRNA gene sequence has been deposited at GenBank (accession no. AF247697).
(iii) Pandoraea genomospecies 4. Gram-negative, nonsporulating straight rod. Motile by means of two or more polar flagella. Weak acid production is observed in King's OF medium with D-glucose and glycerol; oxidase positive; negative for growth on centrimide agar; delayed growth is observed on SS agar; weak and delayed urease activity is observed; nitrate is not reduced. Other phenotypic characteristics are listed in Table 4 . The CFA profile is as described for the genus (3). The only known strain is CDC H652 (ATCC BAA-110), isolated in 1998 from the sputum of a woman with cystic fibrosis. The GϩC content is 68.6%. The 16s rRNA gene sequence has been deposited in GenBank (accession no. AF247698).
